T HE CLINICAL INTEREST evidenced
in recent years in pulmonary arteriovenous fistula results in part from the availability of curative surgical procedures for its treatment. Since over 140 cases of this condition have been reported in recent years, it can no longer be considered rare. In pulmonary arteriovenous fistula a direct communication exists between a large pulmonary artery, on the one hand, and a pulmonary vein on the other. Therefore, pulmonary arterial blood low in oxygen content is delivered without further oxygenation through the fistula to the left atrium. The result of this right-toleft shunt may be cyanosis, clubbing, dyspnea, polycythemia, and the opportunity for paradoxic embolization to the systemic circuit. The brain seems particularly prone to receive such emboli. Pulmonary arteriovenous fistulas range in size from very small, without clinical findings, to very large communications with prominent clinical manifestations. This report presents the case of a patient with an unusual form of pulmonary arteriovenous fistula, namely, direct communication of the right lower pulmonary artery with the left atrium.
This anomaly had evidently been responsible for a large right-to-left shunt, as cyanosis had been a prominent clinical sign in this patient who succumbed to a cerebral abscess.
Case Report Clinical Findings
A 3-year-old, cyanotic white female child awoke one evening complaining that her left arm hurt. Shortly thereafter, the arm began to shake and in 1 hour she was unable to move it. Subsequently, several mild convulsive movements of the left arm and left leg occurred. The past history revealed that a normal delivery had followed a normal pregnancy. Growth and development had been normal but the patient was noted to be "dusky" at ter, which could not be separated from the cardiac shadow, was present just to the right of, and anterior to, the spine. The pulmonary vascular markings were interpreted as normal.
The admitting diagnosis was congenital cardiac disease with right-to-left shunt and cerebral abscess. Penicillin and chloramphenicol were administered. On the second day of hospitalization the temperature had fallen below 100 degrees and remained normal thereafter. The neurologic symptoms cleared during the following 12 days. Results of repeated blood counts and urinalysis were normal throughout 12 days of antibiotic therapy. A thrombotic or embolic episode of the brain was therefore considered more likely than an infectious one. The antibiotics were discontinued. On discharge from the hospital, on the fourteenth day, the patient's neurologic findings were normal. She was to return in 1 month for angiocardiographic confirmation and treatment of a clinically suspected pulmonary arteriovenous fistula.
Three weeks following discharge from the hospital the patient suddenly became febrile and comatose. The spinal fluid contained 70,000 polyinorphonuelear leukocytes per cubic millimeter. Despite intensive antibiotic and supportive treatment, the patient died 6 hours following the onset of the terminal illness. 
Pathologic Findings
The pertinent findings were restricted to the central nervous and cardiovascular systems. Meningitis was associated with a solitary abscess in the right cerebral hemisphere containing 60 ml. of purulent material. Culture of this material revealed Pseudomonas aeruginosa.
Study of the cardiovascular system revealed that the pulmonary trunk and the aorta were normally interrelated. The wall of the pulmonary trunk was thick, being almost as thick as the wall of the aorta.
The origins of the right upper and lower pulmonary arteries and of the left pulmonary artery each showed a zone of moderate stenosis beyond which the walls approached normalcy in thickness ( fig. 3, left) .
The left lung and the course of the left pulmonary artery were normal. The Communica~tion of the latter with the left atrium is illustrated in Right. Right. The communication of the right lower pulmonary artery and aneurysmal sac (An) is again seen. The latter structure indents the adjacent pulmonary tissue and communicates directly with the left atrium (LA). The probe identifies the normal junction of the right upper pulmonary vein with the left atrium. measuring about 2.5 by 2 em. in diameter. This structure. which lay to the right of the left atrium, was imbedded in a concavity of the medial aspect of the adjacent enlarged single right pulmonary lobe. The lower medial aspect of the sac-like structure, which received the right lower pulmonary artery, communicated with the left atrium at the expected location of the ostium of the right lower pulmonary vein ( fig. 3, right) . Because of the latter connection, on the one hand, and the aforementioned connection with the right lower pulmonary artery, on the other, the sac-like structure provided an unbroken connection between the right lower pulmonary artery and the left atrium ( fig. 4) .
The right ventricular wall was of normal thickness, whereas the left ventricular wall was considered mildly hypertrophied as its wall measured about 1.4 em. in thickness. The left atrial and ventricular cavities did not appear enlarged.
Circulation, Volume XXIV, December 1961 Discussion As in the case reported, communication between a pulmonary artery and the left atrium is to be considered a form of pulmonary arteriovenous fistula. In the usual form of this condition, pulmonary parenchyma is formed, and the abnormal communication lies within pulmonary tissue. In our case, absence of the middle and lower lobes in association with the fistula described suggests that the primordia of these lobes had at one time been present but that while the vascular connections persisted, the parenchyma failed to develop. Enlargement of the capillary bed of the anomalous area of the right lung may be represented by the sac-like structure described. The arterial connection with this structure is representative of the early arterial system in this area, while the connection with the left atrium may be looked upon as representing the right lower pulmonary vein.
Since direct communication of the right lower pulmonary artery with the left atrium appears to represent a form of pulmonary arteriovenous fistula, a brief consideration of this larger category of congenital disease is in order. The recent excellent reviews on pulmonary arteriovenous fistula by Stringer and associates' and by Muri2 have well summarized the cases reported in the literature. Both reviews found that about 50 per cent of cases of pulmonary arteriovenous fistula are associated with telangiectasis of the skin and mucous membranes. Cyanosis and clubbing of the digits were very frequent. Dyspnea was less common, and was manifested relatively late. Congestive heart failure was unusual. Neurologic symptoms were Supportive treatment failed and the patient succumbed. On pathologic examination there was a direct communication of the right pulmonary artery to the upper portion of the left atrium, the circumference of the anomalous channel being 2.5 cm. In addition, there were cerebral emboli and infarcts, emboli in the posterior descending coronary artery, and splenic infarcts.
The clinical findings in patients with direct communication of a pulmonary artery with the left atrium differ only in degree from those in the more common types of pulmonary arteriovenous fistula. The large diameter of the fistulous channel in this type of connection and its short course results in a low resistance in the fistulous channel and facilitates a large right-to-left shunt.
The cerebral abscess present in our case and its common occurrence in intrapulmonary types of arteriovenous fistula is considered a complication of the circumstances of a central right-to-left shunt. In regard to this particular complication, pulmonary arteriovenous fistula is similar to the many forms of intracardiac malformations that are associated with a right-to-left shunt. 6' 7 The electrocardiogram of the patient whose case is here reported is of interest. It revealed evidence of left atrial enlargement, left axis deviation, and left ventricular hypertrophy. While the electrocardiogram has not been stressed in other reports on pulmonary arteriovenous fistulas, it has usually been described as normal. In our case, the findings of left atrial and left ventricular hypertrophy may, in fact, be due to the large right-to-left shunt that had apparently been present with a resultant augmentation of blood flow througoh the left atrium and left ventricle.
It is apparent from the study of the pathologic material in our case that surgical ablation of the fistulous channel at an appropriate time would have resulted in elimination of the right-to-left shunt and would have prevented the fatal complication, the cerebral abscess.
Summary Direct communication of a pulmonary artery with the left atrium is described and considered a variant of pulmonary arteriovenous fistula.
A 3-year-old girl presented with clinical evidence of a lesion of the central nervous system. The history revealed that she had been cyanotic and had had clubbing of the digits and polycythemia. A rounded mass was noted in the region of the right pulmonary hilus in the posteroanterior thoracic roentgenogram. A pulmonary arteriovenous fistula was suspected, but the patient succumbed with a cerebral abscess before definitive diagnostic studies and therapy were undertaken.
Anatomic examination revealed an unusual variant of pulmonary arteriovenous fistula, namely, direct communication of the right lower pulmonary artery with the left atrium and absence of the middle and lower lobes of the right lung.
It is important that pulmonary arteriovenous fistulas be suspected clinically, since definitive diagnosis and therapy are now possible. While the hemodynamic effects of this type of lesion are usually not severe, untreated patients suffer a high morbidity and mortality through systemic arterial oxygen desaturation, paradoxic embolization, cerebral abscess, and rupture of the fistula.
